Objective: The purpose of this study was to develop a novel pelvic model and determine the accuracy and the interand intraexaminer reliability of anterior superior iliac spine (ASIS) positional asymmetry assessment from both sides of the model by osteopathic predoctoral fellows and osteopathic physicians and to evaluate the effect of training. Methods: Five osteopathic predoctoral fellows and 5 osteopathic physicians assessed 13 settings of varied ASIS asymmetry of a novel pelvic model for superior/inferior positional asymmetry from both sides of the model in a random order. Assessment from the right and left sides of the model occurred on 2 separate days. Fellows were trained for a week and retested. Results: Average interexaminer reliability was greatest from the left side of the model for physicians and from the right side for fellows (physicians: κ = 0.46, fellows: κ = 0.37), whereas intraexaminer reliability was greatest from the right in both groups (physicians: κ = 0.49, fellows: κ = 0.52). Following training of fellows, interexaminer reliability remained highest from the right side of the model (right: κ = 0.48, left: κ = 0.36), whereas intraexaminer reliability was higher from the left side (right: κ = 0.53, left: κ = 0.59). Physicians and fellows before training were more accurate from the right side of the model (κ = 0.56 and κ = 0.52, respectively). Following training of fellows, accuracy increased from both sides of the model (right: κ = 0.59, left: κ = 0.53). Conclusions: A novel pelvic model was developed to allow assessment of accuracy and reliability of ASIS asymmetry assessment. Individually, physicians and fellows varied in accuracy and inter-/intraexaminer reliability. Further investigation is warranted to understand the clinical and educational application of these results. (J Manipulative Physiol Ther 2010;33:378-385) Key Indexing Terms: Palpation; Models, Anatomic; Osteopathic Manipulative Treatment; Chiropractic A s research has begun to evaluate diagnostic and treatment models in manual medicine, the development of valid and reliable models of musculoskeletal dysfunction has remained elusive. Historically, manipulative therapies in these professions developed clinically; and subsequent anatomy and physiology were ascribed to them.
A s research has begun to evaluate diagnostic and treatment models in manual medicine, the development of valid and reliable models of musculoskeletal dysfunction has remained elusive. Historically, manipulative therapies in these professions developed clinically; and subsequent anatomy and physiology were ascribed to them. 1 Bony anatomical landmark positional asymmetry is a commonly used form of musculoskeletal assessment hypothesized to give information regarding the relative positions of the structures in question and has gained widespread acceptance in manual medicine. [2] [3] [4] [5] [6] [7] Some manipulative therapies from the osteopathic, chiropractic, and physiotherapy professions are based upon this method of assessment. Of these, muscle energy technique is the most well known and is currently taught in osteopathic institutions throughout the world.
Bony anatomical landmark positional asymmetry, however, is not the only method of assessment used by practitioners of manual medicine. Pain provocation, point tenderness, palpation for taut bands, range of motion, and motion testing are often used in combination with patient history comprising elements of the clinical evaluation. For motion testing in the spine and pelvis, current literature reviews demonstrate poor reliability. [8] [9] [10] [11] Most pain provocation tests likewise have inadequate reliability. 12, 13 In a recent literature review, only 2 pain provocation tests by themselves or multiple tests in a group demonstrated adequate reliability. 13, 14 Although acceptable reliability has been demonstrated for some pain provocation testing, this form of palpation shares common confounding elements when assessing for "tender points" or tenderness. Because of the subjective nature of pain interpretation as well as the potential role of patient expectation with repeated assessments of tenderness or pain in research, the reliability of these methods, although adequate, must be interpreted with caution.
Positional asymmetry of pelvic landmarks is commonly ascribed to dysfunction of the sacroiliac joint (SIJ). [2] [3] [4] [5] [6] [7] 15 Positional findings are often named based upon motion testing hypothesized to localize the dysfunctional SIJ. [2] [3] [4] [5] [6] [7] 15 However, poor reliability and experimental evidence investigating the amount of motion occurring at the SIJ have called into question the validity of bony anatomical landmark positional assessment methodologies. 12, [16] [17] [18] [19] Although this challenges the current concepts of pelvic dysfunction commonly taught in manual medicine, recent research between pelvic bony asymmetry and gross coupled motion in the lumbar spine suggests the potential clinical relevance of bony pelvic asymmetry. 20, 21 Investigation into bony anatomical landmark positional asymmetry assessment in recent years has focused primarily on the pelvic girdle and medial malleoli (MM). Medial malleoli have commonly been included when evaluating the pelvic girdle because of an assumed association with dysfunction in this region. [3] [4] [5] [6] [7] Consistently, anterior superior iliac spine (ASIS) and MM have demonstrated higher reliability than other landmarks, with the MM always having the highest reliability. [22] [23] [24] [25] [26] Challenges such as examiner fatigue, thumb placement, amount of detectable asymmetry, and variation in technique have been discussed as potential factors related to the low interexaminer reliability observed in evaluation of these methods. 22, 23, 25, 26 A recent experiment of MM assessment designed to address some of these concerns demonstrated the usual higher reliability for MM; and when approximately 4 mm of asymmetry was screened before assessment, interexaminer reliability was near perfect. 25 Thus, the amount of asymmetry appeared to be a significant factor in interexaminer reliability.
In another study, Fryer et al 26 (2005) evaluated the role of training on the reliability of bony landmark positional assessment and found that training improved reliability for some landmarks but not for others. For example, in this study, reliability of ASIS assessment improved significantly, whereas MM reliability did not significantly improve following training. Another more specific method of training termed consensus training was investigated in the lumbar spine by Degenhardt et al 27 (2005) . This was designed to address the known low interexaminer reliability of musculoskeletal palpatory assessment. This training involved examiner discussion following observed differences of assessments during the training phase. In addition, throughout the experiment, examiners attempted to modify their evaluation procedures until methods were as similar as possible. 27 From this consensus training, significant improvements were demonstrated, indicating the high degree of skill and/or consensus that may be needed for reliable palpatory assessment.
Recent research into these methods of assessment has for the first time allowed practitioners of manual medicine to begin the process of objectively understanding the reliability of assessment methods used by these professions. Although these previous studies have allowed the first step in understanding the role of human perception in the palpatory process, they have not assessed the accuracy or role of examiner placement commonly advocated in manual medicine texts. With no criterion standard of musculoskeletal function, dysfunction, or pain, poor reliability testing affords the researcher with little more than an incomplete knowledge of a specific diagnostic method. Although this research has demonstrated clear trends, it is the opinion of the authors that understanding the role of human perception in the context of low reliability of palpatory assessment is of significant importance for professions that incorporate the use of these assessment methods. Thus, the goal of the experiment was to develop a novel pelvic model and determine the accuracy and the inter-and intraexaminer reliability of ASIS positional asymmetry assessment from both sides of the model by osteopathic predoctoral fellows and osteopathic physicians and to evaluate the effect of training on reliability. 
METHODS

Participants
Instrumentation
The Pelvic Model. The pelvis of a skeleton, bisected along the midsagittal plane, was mounted on 2 closely placed and aligned separate wooden boards. One of these boards moved with precision on a standardized graduated scale in translation in the coronal and transverse planes. The model was placed on a table 2 ft off the ground on a wooden plank. The model itself had 1-in-wide curved metal arches at each end that allowed latex skin to be placed over it to simulate abdominal and pelvic skin and attached by Velcro on the underside. The model was covered with foam and a latex skin to simulate patient skin and subcutaneous tissue. A schematic of the model invented by Kumar (2009) can be found in Figure 1 .
Calibration. Calibration was conducted first by leveling the ASIS with a Black and Decker (Baltimore, MD) digital level. Following calibration of the model for levelness, zeroing of the model occurred by setting the model level for superior/inferior translational displacement. This process was done by one of the authors palpating the most inferior slope of the ASIS on the surface of the landmark. From the combination of palpation and visual analysis, the ASIS was then labeled with a watermark pen. A wooden block was placed exactly perpendicular to the model, and individual paper cutouts were adhered to the block for assessment. A T-square ruler was then placed at a right angle to the block and used to visually calibrate the marked points. An initial mark was placed on the cutout to mark the initial position of the moveable ASIS. The ASIS was then adjusted so that the movable ASIS was visibly level with the stationary counterpart with the aid of the T-square without moving the wooden block. A subsequent mark was placed on the square cutout indicating the calibrated zero displacement position. This was repeated 9 times on separate square cutouts. With the use of a Vernier caliper with an electrical readout, displacement between lines was measured and recorded for each cutout. The average displacement and standard deviation were represented as the calibrated, leveled (0 mm) position. The final phase of calibration was carried out by advancing one half of the pelvic model on the other in increments of 2 mm and measuring displacement of the marks on the wooden blocks with a Vernier caliper. This was done for a nominal distance of 24 mm around and including the zero position representing asymmetry and levelness of the left and right ASIS. Ten measurements with ruler-adjusted displacement and Vernier caliper measurement were made of the 13 settings in this manner. The data of the ruler-adjusted displacement were plotted against the Vernier caliper reading. A linear fit of data represented a satisfactory calibration as seen in Figure 2 .
Procedure Initially, the procedure was conducted over 2 examination sessions. There were 13 settings that were evaluated 3 times during each session. The mean of the 10 readings during calibration represented the value at that setting. The settings ranged from right ASIS inferior by 12 mm to right ASIS superior by 12 mm in 2-mm increments including 0-mm displacement. The order of presentation was randomized for each evaluation session, and examiners had no knowledge of the setting variation or repeated assessment. Examiners were instructed to determine which ASIS was more superior to the other or if the landmarks were level. Examiner instructions were to palpate the inferior slope of the ASIS through palpation with their thumbs. Following each assessment, examiners also estimated the displacement in millimeters and recorded both of these findings on a data collection sheet and then placed it in a box next to the model after each examination. Examiners palpated from the right side of the model during the first session and the left side during the second session. For fellows, evaluation in a group of 5 from the left occurred 2 days after evaluation from the right. Because of the physicians' schedules, examination from the left occurred approximately 1 week after evaluation from the right. Physicians performed assessments in pairs or individually. Except during the period of feedback training, fellows were instructed not to discuss their findings or opinions about the model until completion of the experiment. During examination of each setting, 1 minute was allowed for evaluation and recording of findings. Subjects were out of the examination room as the model was adjusted for the next test condition. For predoctoral fellows, the entire experiment was then repeated after 5 consecutive days of feedback training. Because of scheduling conflicts during this week of training, 2 fellows were only able to attend 4 of the sessions. For the posttraining evaluation, fellows evaluated the model first from the right and then from the left 2 days apart in groups of 2 and 3 because of time constraints. Following the final examination session for all subjects, perceived eye dominance, handedness, and side of table preference of ASIS evaluation were recorded. Eye dominance was then independently determined with the distance hole-in-the-card test and recorded for predoctoral fellows and Osteopathic physicians. The entire study for all subjects took 4 weeks to complete secondary to physician availability.
Training
Fellows went through a series of feedback training sessions on 6 different randomized settings of the pelvic model. Examiners were told of the possible settings to maximize training effect to the specific settings. Two were of equal height, 2 were of 5-mm height difference, and the last 2 were of 10-mm height difference. For each pair of measurements, where applicable, one was more superior on the right and one on the left. The selection of these specific settings was determined to provide examiners a reference for amounts of asymmetry on the model without training subjects to all of the settings specifically used in the methodology. The order of presentation was randomized for each training session; after each assessment, subjects were told of the side and exact difference in ASIS heights on the pelvic model. Subjects were then allowed to reevaluate the model at the particular setting and discuss among themselves reasons for observed differences in assessment. Subjects were also allowed to evaluate the setting from the other side of the model to evaluate perceived differences secondary to subject positioning. Osteopathic physicians only evaluated the model once from each side of the table and did not take part in any training sessions.
Data Collection and Analysis
Data analyses were performed with SAS version 9.1 (SAS, Cary, NC). The Cohen κ statistic was calculated for individual agreement with the criterion standard of this experiment (calibrated ASIS model setting). Accuracy in percentage agreement was also determined for each setting of the model. The Fleiss κ statistic was calculated among evaluators to determine inter-and intraexaminer reliability (across the 3 assessments at each setting). The strength of agreement for the κ statistic was interpreted as small (0.00-0. Tables 1 to 3 . Before training, the resulting κ average interexaminer reliability was higher from the left side of the model for physicians and right side for fellows (moderate agreement for physicians: κ = 0.46; fair agreement for fellows: κ = 0.37, respectively), whereas intraexaminer reliability was higher from the right in both groups (moderate agreement for both (Table 1 ). This increase in accuracy was greater than the accuracy of physicians without the training sessions from each side of the model.
RESULTS
Results are summarized in
For the physician and fellow groups, average percentage agreement for each setting from both sides of the model can be found in Figure 3 . As is apparent, accuracy as viewed through percentage agreement tended to increase as asymmetry increased. Although this was expected, no obvious threshold of accuracy was apparent. Of note, examiners displayed a higher degree of accuracy when assessing the left ASIS from the right side of the model before training as evident in Figure 3A ; however, this trend did not remain for right ASIS evaluation from the left side (Fig 3B) of the model. No specific associations between hand dominance, eye dominance, or examiner preference and reliability or accuracy were observed (Table 1) .
DISCUSSION
Palpatory examination in the context of manual medicine often occurs before and after treatment, [2] [3] [4] [5] 7, 15 but the extent that bony positional asymmetry assessment drives technique selection and implementation has not been well defined. This will remain the case until reliable, standardized methods are established and compared with treatment methods and objective outcomes. For instance, if a clinician is performing motion testing along with positional asymmetry assessment of a structure, the extent that one may rely on asymmetry assessment or motion testing when selecting a treatment in the presence of contradictory information represents one of the nuances found in clinical practice.
Interexaminer reliability without training observed in this experiment was significantly higher than averages from a recent review article for ASIS evaluation (κ = 0.13 vs κ = 0.40 from the right and left), whereas intraexaminer reliability was only slightly higher than previous research (κ = 0.41 vs κ = 0.48 from the right and left). 19 The higher interexaminer reliability could be related to numerous factors. Firstly, the amount of asymmetry as defined in the methodology could represent asymmetry that is greater than asymmetry found in the patient populations of previous studies. Secondly, one pair of landmarks was evaluated repetitively. In contrast to previous research, 9 up to 32 different subjects were used. 19 An adaptation effect of repetitive evaluation of only one pair of ASISs could have played a role in the higher observed interexaminer reliability. Another factor that could have led to the higher reliability seen in the assessment was specific to the methodology in that the model was evaluated 39 consecutive times for each evaluation session. Although the settings were randomized, the ability of examiners to learn from comparison of previous settings in this experiment cannot be discounted. Intraexaminer reliability that more closely resembles previous studies of this nature suggests that the methodology or the model played a factor in the higher observed interexaminer reliability.
When comparing the results of physicians with significant clinical experience in manipulative medicine to predoctoral fellows, inconsistent accuracy and reliability were demonstrated. For some evaluations, physicians were more reliable, whereas for others, fellows were more reliable. In the context of existing literature, the lack of clear delineation between clinicians and advanced students is not surprising. 10, 23 The variation in accuracy as well as interexaminer reliability of groups with different levels of experience further supports previous findings that clinical experience itself is not directly associated with examiner skill of bony anatomical landmark positional asymmetry assessment.
The concept of detection thresholds has been suggested to be useful in skill development and is based on the idea that, at some threshold of decreasing asymmetry, reliability approaches chance and accuracy of assessment decreases significantly. 28 Factors involved in this could be related to elements such as examiner palpation, visual perception, and skill of assessment. From gross observation of individual percentage agreement, some subjects in this study demonstrated narrow windows of decreased reliability and overall high accuracy, whereas others were accurate only with a larger degree of asymmetry. Some subjects demonstrated significant differences in accuracy and interexaminer reliability of assessment from different sides of the model, whereas others showed little variation when evaluating the model from different sides. The absence of a consistent trend, however, does not rule out the existence of quantifiable detection thresholds of assessment. Subjects were given the options of right ASIS greater than left, equal ASISs, or left ASIS greater than right to more closely resemble clinical decision making. In future studies, to more specifically address the concept of detection thresholds, removal of the option of equal ASISs would be useful.
In manual medicine texts advocating anatomical landmark asymmetry assessment as an important component of evaluation, eye dominance-associated examiner positioning has been suggested as an important factor to improve accuracy by limiting visual parallax errors. [2] [3] [4] 15 This common instruction appears to be based on expert clinical opinion with no supporting data. No consistent associations were observed with eye dominance and examiner position (Table 1) , although a larger sample size would be required to make any conclusions regarding the relevance of eye dominance-associated positioning. No other specific associations of hand dominance or side preference were observed (Table 1) .
Determining what constitutes acceptable levels of interexaminer reliability has been given qualitative descriptors by 27, 30 Using this classification, results from this experiment demonstrate fair to moderate reliability as seen in Table 2 . From both sides of the model, physicians had moderate reliability, whereas, before training, fellows had fair reliability from each side. Following training, reliability increased to moderate from the right side, whereas it remained fair from the left ( Table 2) .
Limitations
The use of any model presents inherent limitations to the practical application of experimental results. However, the use of a pelvic model was chosen to better control the variables while retaining some element of realism and allow for evaluation of accuracy and reliability in ASIS asymmetry assessment. All prior studies of pelvic positional asymmetry have demonstrated low interexaminer reliability and were conducted in vivo and therefore lack known accuracy of asymmetry. Considering the results of previous in vivo experimentation, the authors felt that it was appropriate to evaluate the accuracy of human perception in the context of bony anatomical landmark evaluation with a model. However, it is conceded that a model cannot entirely simulate a patient. Another limitation was that the model was a simulation of only the pelvis and there was no head, torso, or upper and lower limbs. Furthermore, the model was not placed on a traditional evaluation table that would allow height adjustment. The significant limitation of this experiment was the unforeseen challenge of subject scheduling as explained in the "Procedure" of the "Methods" section. When performing direct comparison between pre-and posttraining as well as comparison of physicians and fellows, one must keep in mind the variation in size of groupings and number of days between assessments.
Future experiments of this nature should address subject scheduling when enrolling subjects with limited schedules.
CONCLUSION
A novel pelvic model was developed to allow assessment of accuracy and reliability of ASIS evaluation in a controlled setting. Comparison of the physician and fellow groups demonstrated varied accuracy and reliability. The interexaminer reliability observed for physicians from both sides of the model and for fellows from the right side of the model after training reached levels that can be considered clinically significant. Therefore, training of students and possibly clinicians has the potential to enhance diagnostic accuracy and consistency. Continued development of realistic models for training of palpatory diagnosis, along with increased understanding of anatomical and physiologic models of function and dysfunction, is needed to improve training and education in all professions in manipulative medicine. Future experiments should explore the reasons for examiner variability and compare model to in vivo asymmetry assessment.
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